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ABSTRACT
Ecological stressors (i.e., high predator density, low food availability) are often
associated with increased variation in mate choice by females. The association between
environmental stressors and variation in mate choice suggests that circulating stress
hormones (i.e., glucocorticoids) may mediate such effects, but this idea remains largely
unexplored. I examined how circulating glucocorticoids affect preferences for male
advertisement calls in female green treefrogs, Hyla cinerea, and barking treefrogs, Hyla
gratiosa. Specifically, I examined whether administration of corticosterone (CORT)
decreases preferences for call rate and/or call duration – two acoustic features that are
highly variable and characteristically under directional selection via mate choice by
females. In H. cinerea, the probability of choosing male advertisement calls broadcast at
high rates in dual speaker phonotaxis trials decreased as CORT dose and circulating
CORT level increased. Neither CORT dose nor level was related to the latency of female
phonotactic responses suggesting that elevated CORT does not increase the motivation to
mate. Variation in acoustic preferences was not attributable to variation in circulating
progesterone, estradiol, or androgen levels indicating that elevated CORT diminishes
directional selection on call rate independently of changes in circulating sex steroids.
Results thus suggest that CORT production, which is known to be modulated by various
intrinsic and extrinsic factors, can decrease the variance in male mating success and, thus,
the strength of directional selection on call rate in this species. The effects of CORT on
preferences for calls in H. gratiosa were not as clear. In this species, variation in
ii

preferences for call rate was not related to circulating levels of CORT or sex steroids.
Moreover neither treatment nor hormone level were related to the latency of female
phonotactic responses. Results thus suggest that CORT level does not affect directional
selection on call rate or the motivation to mate in this species. I also examined the effects
of CORT administration on preferences for call duration in this species. While CORT
administration decreased the probability that females chose calls of longer duration in
phonotaxis trials, it was not clear whether these effects were related to elevated CORT or
elevated sex steroid levels.
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Ch. 1 HORMONES, MATE CHOICE, AND STRESS

1

Sexual selection: Who to choose?
Mate choice is defined as an observable, behavioral response of approaching or selecting
a mate (Halliday 1983; Jennions and Petrie 1997). Mate choice has been the focus of an
extensive number of studies aimed at understanding female mate preferences (defined as a
female’s propensity to mate with certain male phenotypes, Kirkpatrick 1982; Gerhardt 1991;
Andersson 1994; Jennions and Petrie 1997; Andersson and Simmons 2006). Female preferences
are thought to reflect male quality (Kirkpatrick and Ryan 1991). For example, according to the
‘good-genes’ model of sexual selection, a male’s attractiveness is linked to his health or vigor
(Zahavi 1975) and females gain indirect benefits by mating with “attractive” males (Zahavi
1975; Andersson 1994; Jennions and Petrie 1997; Gerhardt and Bee 2006). In the gray treefrog
(Hyla versicolor), for example, offspring sired by males with long calls (that are preferred by
females) have greater viability (Welch et al. 1998). Consequently, it is the benefits gained by
females that drive mate preferences (Andersson 1994). Females may, however, balance the
benefits gained by being choosy with the costs associated with stronger preferences (i.e.,
predation risks, energy and/or gametes lost, Jennions and Petrie, 1997). Such tradeoffs can give
rise to variation in mate preferences and choosiness (defined as the effort an individual makes in
assessing mates e.g., number of mates sampled and /or time spent selecting a mate, Jennions and
Petrie, 1997) within and among females (Real 1990; Crowley et al. 1991; Moore and Moore
2001; Lynch et al. 2006).
While the factors underlying the variation in mate preference and choice remain unclear,
physiological state, particularly circulating hormone levels, appear to play a central role
(Thornhill 1984; Crowley et al. 1991; Endler and Houde 1995; Stanley Rand et al. 1997; AdkinsRegan 1998; Penton-Voak et al. 1999; Cotton et al. 2006; Knott et al. 2010; Lailvaux and
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Kasumovic 2011; Yoder and Vicario 2012; Vitousek and Romero 2013). Changes in circulating
hormone levels, for example, can alter a female’s proceptivity (behavior leading up to
copulation) (Lynch and Wilczynski 2005; Gordon and Gerhardt 2009), receptivity (willingness
or readiness to mate) (Diakow 1978; Kelley 1982; Schmidt 1984, 1985; Weintraub et al. 1985;
Zerani and Gobbetti 1993; Wilczynski et al. 2005; Lynch et al. 2006), and/or sensory systems
important in making mate choice decisions (Sisneros and Bass 2003; Sisneros et al.
2004).Testosterone administration to female dark-eyed juncos (Junco hymenalis), for example,
results in a significant decrease in choosiness (i.e., discrimination among potential mates,
McGlothlin et al. 2004). Similarly, elevations in estrogen production, induced by human
chorionic gonadotropin (HCG) administration, increases receptive and permissive mate choice
behavior (i.e. decreases female’s selectivity for conspecific over heterospecific calls) in túngara
frogs (Lynch et al. 2006).
Elevated sex steroids, however, are unlikely to account for the variation in mate choice
often observed in response to ecological “stressors”. For example, increased predation risk and
decreased food availability figure prominently in ecological studies addressing variation in mate
choice by females (Forsgren 1992; Poulin 1994; Godin et al. 1996; Gong and Gibson 1996;
Johnson and Basolo 2003; Cotton et al. 2006; Vitousek 2009; Ronald et al. 2012). Exposure to
predators can cause a reversal of mate preference in female green swordtails (Xiphophorus
helleri) (Johnson and Basolo 2003) as well as female guppies (Poecilia reticulate)(Gong and
Gibson 1996). Similarly, reduced food and nutrient availability decreases choosiness for male
size in female bullies (Gobiomorphus breviceps)(Poulin 1994). These and other stressors are
well-known to stimulate the neuroendocrine stress axis ( i.e., increase circulating glucocorticoid
levels, Poulin 1994; Bernard et al. 1998; Greenberg et al. 2002; Romero 2002; McEwen and
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Wingfield 2003; Clinchy et al. 2004; Raouf et al. 2006; Thomas et al. 2006; Lendvai et al. 2007;
Creel et al. 2013) and suppress sex steroid production (Greenberg and Wingfield 1987;
Wingfield et al. 1998; Wingfield and Sapolsky 2003; Calisi et al. 2008; Chand and Lovejoy
2011). Because of the various sources and intensities of different stressors influencing the
hypothalamic-pituitary-adrenal (HPA) axis (Hennessy and Levine 1978; Kant et al. 1983;
Armario et al. 1986) circulating glucocorticoid levels are likely to be highly variable among
reproductive females (Williams 2008). Links between the stressors known to influence mate
choice and circulating glucocorticoid levels thus implicate stress hormones as potential
mediators of variation in mate choice by females.
Indeed, glucocorticoids have recently been linked to variation in female mate choice
behavior. Female Galápagos marine iguanas (Amblyrhynchus cristatus) with high corticosterone
(CORT) levels, for example, assessed fewer males (i.e., were less choosy) than females with low
CORT levels (Vitousek and Romero 2013). This finding is consistent with previous work in this
species showing a decrease in female choosiness during harsh environmental conditions (i.e.,
decreased food availability, Vitousek 2009). These results suggest that circulating stress
hormones can have a significant effect on mate choice and reproductive behavior. However, it is
unclear whether CORT-mediated effects on female choosiness affects selection on any particular
aspect of the male phenotype ( i.e., affects female preferences, see Jennions and Petrie 1997).
Below, I describe how variation in glucocorticoid levels may contribute to variation in mate
preferences by females.

Potential glucocorticoid-mediated effects on the motivation to mate
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There is growing evidence that time constraints, such as the risk of failing to obtain a
mate during a short reproductive window (Møller 1990; Jennions and Petrie 1997), are important
factors affecting mate choice (Real 1990; Sullivan 1990, 1994; Crowley et al. 1991; Forsgren
1997; Lynch et al. 2005). These time constraints could result in a “sense of urgency” or an
increased motivation to mate that may elicit more permissive behavior ( i.e. decreased
choosiness; Dukas 2004) by females. Hormones may serve as a proximate signal for mate choice
flexibility due to their involvement with changes in reproductive state (Licht et al. 1983; Zerani
and Gobbetti 1993; Harvey et al. 1997; Medina et al. 2004; Lynch and Wilczynski 2005). For
instance, non-receptive female crested newts (Triturus carnifex) had higher levels of circulating
CORT than receptive females but the two groups did not differ in sex steroid levels suggesting
that elevated stress hormone levels may play a central role in receptive mating behavior (Zerani
and Gobbetti 1993).
In mammals, corticosteroids play a key role in parturition (see Fig. 1; Smith and Ecker
1970, 1971; Norman and Litwack 1997). High progesterone levels during gestation, for example,
inhibit the secretion of oxytocin from the posterior pituitary (Norman and Litwack 1997). As
partition approaches, however, an increase in circulating glucocorticoid levels (Dupont et al.
1979) inhibits the production of progesterone thereby releasing the inhibitory effects of
progesterone on posterior pituitary oxytocin-producing cells. Oxytocin levels thus increase and
stimulate contraction of estrogen-primed cells in the uterus to stimulate muscular contraction and
parturition (Fig. 1). While this general hormone cascade is best known in mammals, evidence
suggests that a similar mechanism may induce oviposition in other vertebrate lineages (Norris
2007). For example, elevated CORT levels are often associated with oviposition ( i.e., in birds,
Beuving and Vonder 1981) and there is some evidence that increased CORT levels cause
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females to oviposit early ( i.e., in liz
lizards, Radder et al. 2008). Elevated CORT level could thus
alter mate choice decisions by females by increasing a female’s motivation to mate as the time to
oviposition approaches.

Fig.1. Role of glucocorticoids in parturition (redrawn from Norman and Litwack 1997).
1997)

Potential glucocorticoid-mediated
mediated effects on sensory pathways
Sensory capabilities are important to both the number of males that are perceptible to
females (Gerhardt and Klump 1987) and the degree to which a female can discriminate between
neighbors (Telford 1985). Hormone
ormone levels can alter the way sensory systems encode signals
5

(Sisneros and Bass 2003; Sisneros et al. 2004). In anurans, glucocorticoid receptors are found
throughout many brain regions, including auditory regions associated with sensory processing
(Yao et al. 2008). The presence of glucocorticoid receptors in the auditory pathway suggest that
circulating glucocorticoid levels can influence sensory neural activity. For example, Addison’s
patients with lower auditory, olfactory, and taste thresholds can be treated with corticosterone to
return the sensory systems to normal function (Henkin and Solomon 1962; Henkin and Bartter
1966; Henkin et al. 1967). One recent study also showed that patients with tinnitus (e.g., ringing
in the ear) often exhibit signs of an unregulated HPA axis and increased levels of perceived
stress (Hebert and Lupien 2009). In anuran amphibians, neural selectivity for many acoustic
features that are important in mate choice, including call duration, arise from the interplay
between excitatory and inhibitory conductances; selectivity for various call features can be
dramatically altered by changing the strength or time course of excitation or inhibition (Edwards
et al. 2007; Leary et al. 2008; Rose et al. 2011). Interestingly, glucocorticoids have been shown
to act on both high and low affinity receptors to influence the amplitude and/or frequency of
inhibition (Maggio and Segal 2009). Hence, it is possible that variation in circulating
glucocorticoid levels could influence female mate choice decisions by altering neural selectivity.

Anuran communication as a model system
Anuran amphibians are ideal organisms in which to study hormonal effects on mate
choice because assessment of mates by females is based largely, if not solely, on a single sensory
modality involving relatively simple acoustic signals ( see Gerhardt and Huber 2002). Moreover,
female preferences for acoustic features can be reliably addressed in phonotaxis experiments
(Gerhardt and Huber 2002). The green treefrog (Hyla cinerea) and the barking treefrog (Hyla
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gratiosa) are closely related species (Mecham 1965; Gerhardt 1974) and like most anurans, they
use their auditory system to detect and locate mates during the breeding season (Capranica
1977). Males of both H. cinerea and H. gratiosa typically aggregate to form choruses during the
breeding season each year (Gerhardt 1991) where males produce advertisement calls (Oldham
and Gerhardt 1975) that are known to promote female receptivity and mating behavior
(Burmeister and Wilczynski 2000; Chu and Wilczynski 2001; Wilczynski et al. 2005). Gravid
females typically approach advertising males and initiate amplexus via tactile stimulation (i.e.,
nudging the male, Gerhardt 1991).
Male advertisement calls generally possess both static and dynamic call properties that
are subject to either stabilizing or directional selection (Gerhardt and Huber, 2002). Static
properties, including the carrier frequency and pulse rate of the call, tend to change very little
throughout the breeding season and are typically under stabilizing selection via mate choice by
females (Gerhardt 1981, 1991; Gerhardt and Doherty 1988; Gerhardt and Huber 2002). Females
usually prefer mid-range frequencies over low or high range frequencies (Gerhardt 1981, 1991)
as well as mid-pulse rate over low or high pulse rate (Gerhardt and Doherty 1988). However,
while females show strong preferences for these traits, static properties rarely show correlations
with mating success in males (Gerhardt et al. 1987). In contrast, dynamic properties, including
call rate and call duration, often change within a single bout of calling (Gerhardt 1991; Gerhardt
and Huber 2002) and are generally under strong directional selection via mate choice by females
(Gerhardt 1991; Gerhardt and Huber 2002). Females typically prefer high call rates over mid or
low rates (Gerhardt 1987; Murphy and Gerhardt 1996) and long duration calls over short
duration calls (Gerhardt 1987). Females are capable of detecting minute differences in these call
parameters. For example, Hyla versicolor show strong preferences for calls that are only 50 ms
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longer in duration (equivalent to one pulse)(Gerhardt et al. 2000). Similarly, females can detect
as little as a 15% difference in call rate (Gerhardt 1987; Murphy and Gerhardt 1996). Dynamic
properties have been shown to be correlated to male mating success (Sullivan 1983; Sullivan and
Hinshaw 1990; Passmore et al. 1992; Schwartz 1994; Grafe 1997; Schwartz et al. 2001), are
costly to produce (i.e., energy or predation costs, Andersson 1994; Gerhardt and Huber 2002),
and mate choice by females for dynamic call properties can confer indirect benefits to offspring
(Welch et al. 1998).
The purpose of this study was to examine the relationship between circulating levels of
corticosterone (CORT, the primary glucocorticoid in amphibians) and female preferences for
male advertisement calls in green treefrogs (Hyla cinerea) and barking treefrogs (Hyla gratiosa).
Specifically, I assessed whether CORT administration affects female preference for call rate
and/or call duration. I chose these call parameters because they are both under strong directional
selection via mate choice by females and are correlated with male mating success. I hypothesized
that females with varying levels of circulating glucocorticoids would differ in their preferences
for dynamic call properties. Because of the strong association between environmental stressors
and variation in mate choice, I predicted that as circulating CORT levels increased, females
would show a reduction in the strength of preferences for dynamic call properties. I also
hypothesized that CORT level would affect the latency of responses (a measurement of a
female’s motivation to mate) in phonotaxis trials. Due to the effects of CORT on oviposition in
some species, I predicted that as circulating levels of CORT increased, the latency of response in
phonotaxis trials would decrease.
This study was thus aimed at understanding how stress hormone levels potentially contribute
to variation in mate preferences by females. Variation in mate choice by females can impact the
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strength of directional selection on male advertisement signals and consequently, the rate and
direction of evolution by sexual selection (Jennions and Petrie 1997; Bateson and Healy 2005).
Due to the importance of female preference in shaping signal design, differences in hormone
levels regulating or altering female mate choice could profoundly impact the evolution of male
calling behavior (Leary 2009).
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CH. 1 PART 1
THE EFFECTS OF STRESS HORMONES ON
PREFERENCES FOR CALL RATE IN GREEN
TREEFROGS (HYLA CINEREA)

10

I.

METHODS
a. Acquisition of females and hormone treatments

Gravid female H. cinerea in amplexus with males were collected by hand from the
University of Mississippi Field Station (Lafayette County, MS) during the 2012-13 breeding
seasons. Collected females were separated from amplectant males and either not treated or
immediately injected intraperitoneally with 100µl saline only or with 4, 8 or 16µg of CORT in
100µl saline vehicle ( 115mM NaCl, 2.5 mM KHCO3, 1.0mM CaCl2 see Propper and Dixon
1997; Williams 2008). For an 8.86g frog (the average weight of female H. cinerea used in the
current study) these CORT doses translate into 0.45, 0.9, and 1.8µg CORT/g body weight.
Injection aliquots were prepared by dissolving crystalline CORT (Steraloids, Inc., Newport,
Rhode Island) in ethanol, evaporating off the ethanol and subsequently resuspending the sample
in 100µl saline vehicle. Aliquots (100µl) were frozen in separate eppendorf tubes until needed.
Females were randomly assigned CORT doses.

b. Phonotaxis design and acquisition of blood
Subsequent to collection, frogs were brought to a facility housing an acoustic chamber
located at the University of Mississippi Field Station for phonotaxis trials. Phonotaxis tests were
conducted the same night of collection and approximately 1 hr after capture. Female preference
for call rate was assessed using dual-speaker phonotaxis tests in a custom-built phonotaxis
chamber measuring 2.44m (length) x 1.22m (width) x 1.22m (height) constructed from plywood
and lined with acoustic foam. Individual phonotaxis tests began after a female was placed under
a funnel located in the center of the chamber for approximately 5 mins. Acoustic stimuli were
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then broadcast from speakers placed equidistantly from the funnel containing the female. The
funnel was then lifted with a string pulley device attached to the outside of the chamber.
In all trials, calls were broadcast at an amplitude of 95 dB SPL from Sennheiser accessory
speakers located in the acoustic chamber. The amplitude of broadcast stimuli was based on
previous work in H. cinerea that examined female preferences for call duration and rate
(Gerhardt 1987). Stimulus amplitude was checked prior to each phonotaxis trial using a sound
pressure level meter (Ivie Technologies Inc., model IE-45, fast weighting setting). To control for
side biases, stimuli were alternated between speakers across successive trails.
Female phonotactic responses were observed under red incandescent light through small
plexiglass windows constructed in the walls of the chamber. Positive phonotactic scores included
female orientation, approach, and direct contact with the speaker ( following the procedures
outlined in Leary et al. 2006). Latency of phonotactic responses (the time elapsed from when the
funnel was raised until the female selected a speaker) was also recorded for each female during
phonotaxis testing and was used as an estimate of the female’s motivation to mate.
Immediately following phonotaxis trials, approximately 100µl of blood was obtained (< 5
min) from experimental subjects via cardiac puncture (using a 28 gauge heparinized sterile
needle). Blood samples were acquired from only a subset of the total number of females that
were run in phonotaxis trials due to the difficulty in acquiring blood within 5 mins (i.e., bleeding
procedures were stopped if blood could not be acquired within the 5 min time frame).
Blood samples were kept on ice until they were returned to the lab (<6 h) and centrifuged
for 12 min at 3,000 rpm. Plasma was stored at -20˚C until it was assayed for steroid hormones
(described below). All females were numerically marked on the venter using a portable tattoo
device (Tattoo-A-Pet, Fort Lauderdale, FL, see Leary et al. 2004) prior to release at the original
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site of capture. Tattoos allowed future identification to avoid using the same individuals more
than once in phonotaxis trials.
Scientific collecting permits were provided by the Mississippi Department of Wildlife,
Fisheries and Parks. All procedures were approved by the University of Mississippi Animal Care
and Use Committee.

c. Stimuli used in H. cinerea phonotaxis trials
Stimuli used in playback experiments were acquired from a recording of an isolated
advertisement call from a single individual male H. cinerea with vocal parameters that
approximated the mean values for the study population (e.g., dominant carrier frequencies = 800
and 2400 Hz, call duration = 140 ms). An analog cassette recording of the call was digitized
using Raven software (Cornell Bioacoustics Laboratory) and repeatedly broadcast at a rate of 2.5
calls/second (i.e., possessing a 325ms intercall interval) or at a rate of 1.2 calls/second (i.e.,
possessing a 830ms intercall interval). Hence, H. cinerea calls were identical in all respects
except the rate at which they were broadcast and parameters were well within the natural range
of call rate for this species.

d. Column chromatography and radioimmunoassay procedures
Hormone separation and quantification of hormone concentrations followed the protocol
described by Leary and Harris (2013) with modifications to include measures of progesterone (P)
and estradiol (E2) in addition to dihydrotesterone (DHT), testosterone (T), and CORT. Briefly,
plasma samples were incubated overnight with tritiated hormone (PerkinElmer, Inc. Hebron,
Kentucky) for determination of recoveries for each sample. Steroids were then extracted from
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plasma using diethyl ether, dried under nitrogen gas at 40 °C, and resuspended in 10% ethyl
acetate in iso-octane. Samples were then loaded onto diatomaceous earth columns containing a
3:1 diatomaceous earth:distilled water “glycol trap” and a 1:1 propanediol:ethylene glycol
mixture. Mixtures of 2%, 10%, 20%, 40% and 50% ethyl acetate in iso-octane were then used to
collect P, DHT, T, E2 and CORT, respectively. Fractions were dried under nitrogen and
resuspended in phosphate buffered saline containing 0.3% gelatin for radioimmunoassay.
Antibodies were purchased from the following suppliers: T and P, Fitzgerald Industries
International, Inc (Acton, Massachusetts); CORT, MP Biomedicals, LLC (Solon, Ohio); E2,
ABD Serotec (Raleigh, North Carolina). T antibody was used for both T and DHT assays. All
samples were assayed in duplicate.
Plasma samples were analyzed for P, DHT, T, E2 and CORT levels in a single assay. Mean
intra-assay coefficients of variation for P, DHT, T, E2 and CORT were 12%, 9%, 3%, 7% and
4%, respectively, based on 4 standards run with the assay.

e. Statistical procedures
I used a binomial test to examine whether untreated females showed a significant preference
for the faster call rate. I then tested whether the probability of choosing the call broadcast at the
lower rate differed between treatment groups using a binomial test. For this analysis, I used the
probability of choosing the low rate call in the untreated females as the expected value and the
proportion of females choosing the low rate call in each of the treatment groups as the observed
values.
Simple linear regression was used to examine whether the latency of phonotactic responses
was related to circulating sex and stress hormone levels. Additionally, a one-way ANOVA with
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Tukey’s post hoc comparisons was used to determine if there was an effect of treatment on the
latency of phonotactic responses.
I used one-way ANOVA with Tukey’s post hoc comparisons to determine whether CORT
administration significantly altered plasma concentrations of CORT, DHT, T, P, and/or E2.
Lastly, simple regression was used to determine if elevated circulating CORT levels correlated
with circulating sex hormone levels. Alpha values were set at 0.05 for all statistical tests.

II.

RESULTS
a. Effect of treatment on preferences for call rate in H. cinerea
A total of 45 female H. cinerea were used in phonotaxis trials to assess the effects of

treatment on preference for call rate. Untreated females (n = 9) showed a robust preference
(when compared to random choice) for the “attractive” call (broadcast at a rate of 2.5calls/s) over
the “unattractive” call (broadcast at a rate of 1.2 calls/s) (binomial test, p=0.03). Females
administered saline only (n = 7) or 4 µg CORT (n = 8) did not differ from the untreated control
group (n = 9) in the probability of choosing the unattractive call (binomial tests, p > 0.22).
Females administered 8µg of CORT (n = 11) showed a significant increase in the probability of
selecting the unattractive broadcast call compared to untreated controls (n=9) (binomial test, p
=0.03). Females that received the 16µg dose of CORT (n = 10) also showed a significantly
greater probability of choosing the unattractive call than controls (n = 9) (binomial test, p =
0.02). Similar results were found when untreated and saline-injected treatment groups were
pooled and compared to CORT-injected treatment groups. Overall results were consistent with a
dose-dependent effect of CORT on the probability of choosing the unattractive call broadcast at a
lower rate (Fig. 2).
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b. Circulating hormone levels among treatment groups
Adequate plasma samples were acquired within 5 mins from 24 of the 45 females used in
phonotaxis trials. The highest dose of CORT resulted in circulating CORT levels near the natural
upper physiological range known for this species (95 ng/ml, Leary unpubl data) and well below
levels used in previous behavioral experiments in this species (Burmeister et al. 2001).
Circulating levels of CORT were variable among treatment groups but differed significantly
across the 5 treatment groups (F4, 19 = 6.36, p = 0.002). Tukey’s post hoc tests revealed that
circulating CORT levels in the 16 µg group differed significantly from all other treatment
groups (p < 0.02; Fig. 3).There were no detectable differences in circulating CORT levels in
pairwise contrasts for the other treatment groups but CORT level increased across treatment
groups (linear contrasts, r21,22 = 0.17, p = 0.03; Fig. 4).
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n=9

n=7

n=8

n=11

n=10

Figure 2. Probability of choosing the lower “unattractive” call rate (1.2 calls/s) over the higher
“attractive” call rate (2.5 calls/s) for female H. cinerea that were not treated, treated with saline
vehicle only, or treated with 4 µg, 8 µg or 16µg of CORT in saline. Sample sizes for each
treatment group are included in the bar for that group.
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Figure 3. Box plots depicting means and ranges of CORT levels within each treatment group in
female H. cinerea.

Figure 4. Linear contrasts showing positive relationship between treatment group and
circulating CORT level in female H. cinerea.
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There were no detectable differences among treatment groups with respect to circulating
levels of P (F4,19 = 1.80, p = 0.17), DHT (F4, 19 = 1.35, p = 0.29), T (F4, 19 = 1.15, p = 0.36), or E2
(F4, 19 = 1.13, p = 0.37) (Fig. 5). Moreover, there was no indication that P, DHT, or E2
significantly increased or decreased across treatment groups (linear contrasts,, p > 0.12),
0.12 but there
was a marginally significant decrease in T across treatment groupss (linear contrasts,
contrasts r21, 22 = 0.09,
p = 0.09) (Fig. 6).

Figure 5. Box plots depicting circulating sex steroid levels (ng/ml) in each
ch treatment group:
group A)
progesterone (P), B) dihydrotestosterone
ihydrotestosterone (DHT), C) testosterone (T) and D) estradiol
stradiol (E2).
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Figure 6. Linear contrasts depicting relationships between treatment group and circulating sex
steroid levels (ng/ml): A) progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T)
and D) estradiol (E2).

Circulating CORT levels were not related to circulating levels of DHT (r21, 22 = -0.05, p =
0.94), T (r21, 22 = -0.05, p = 0.99), or P (r21, 22 = -0.05, p = 0.94)(Fig. 7). Circulating CORT did
show a significant positive relationship with E2 (r21, 22=0.43, p = 0.001; Fig. 7).
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Figure 7. Linear regression depicting relationships between circulating sex steroid levels and
CORT level (ng/ml); A) progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T),
and D) estradiol (E2). All hormones levels are measured in ng/ml.

The latency of phonotactic responses did not differ among treatment groups (F4, 40 = 1.48, p =
0.23; Fig. 8). Phonotactic response latency was not related to circulating levels of CORT (r21, 22 =
21

-0.04, p = 0.72; Fig 9), or levels of P (r21, 22= -0.04, p = 0.76), DHT (r21, 22= -0.04, p = 0.979), T
(r21, 22= -0.04, p = 0.99), or E2 (r21, 22= 0.02, p = 0.47) (Fig. 10).

Figure 8. Box plots depicting range and average of latency of phonotactic responses in each
treatment group.

Figure 9. Linear regression showing the relationship between circulating CORT levels and
latency of phonotactic responses.
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Figure 10. Linear regression showing the relationship between circulating hormone levels and
latency of response; A) progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T) and
D) estradiol (E2).

III.

DISCUSSION

My results suggest that elevated glucocorticoid levels decrease the strength of directional
selection on male vocal traits via mate choice by female green treefrogs and may thus decrease
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the variance in male mating success. For example, females that were administered higher doses
of CORT were less likely to choose calls that were broadcast at high rates. These results were
best explained by circulating CORT levels. In contrast, circulating sex steroid levels were poor
predictors of variation in mate choice across treatments. In fact, in some instances sex steroids
(i.e., testosterone) were negatively related to CORT dose illustrating that any potential effects of
sex steroids on mate choice by females were in a direction that was opposite of that expected
based on previous studies on sex steroids and mate choice (McGlothlin et al. 2004; Lynch et al.
2006). My results thus identify CORT as an important mediator of variation in mate choice by
females. To my knowledge, only one other study has implicated CORT as an important mediator
of variation in mate choice by females (see Vitousek and Romero 2013). In that study, female
Gálapagos marine iguanas (A. cristatus) that produced more CORT in response to a standardized
stressor assessed fewer displaying males ( i.e. were less choosy ,Vitousek and Romero 2013).
My results extend these findings by showing that elevated CORT levels can affect female
preferences and choice of mates.
Unfortunately, I was unable to assess circulating hormone levels in all females that were used
in phonotaxis trials. Females of this species are very small (e.g., the average length and weight of
gravid females used in this study was 5.3 cm and 8.86g) and, thus, it was difficult to obtain
adequate blood samples and/or acquire blood in the allotted 5 min time frame. Circulating CORT
levels are known to increase considerably in only a few minutes (Orchinik 1998; Romero and
Reed 2005) and such effects are likely to have contributed to the variation in CORT levels across
treatments and the weaker relationship between CORT level and mate choice compared to the
relationship between treatment and mate choice. Undoubtedly, variation in circulating CORT
levels prior to injections also contributed to this variation. Nonetheless, there was a significant
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positive relationship between CORT dose and circulating CORT level that corresponded with a
reduction in the probability of mate choice by females for calls broadcast at high rates.
Circulating sex steroid levels were not related to variation in mate choice across treatment
groups. Circulating sex steroid levels are less likely to be altered in the time frame allotted for
acquiring blood samples (Norman and Litwack 1997) and, thus, probably reflect circulating
levels in females at the time of phonotaxis trials.
The mechanisms by which CORT potentially influences mate choice decisions in H. cinerea
are not clear. For example, although the mechanisms that give rise to neural selectivity for
various call attributes in the auditory pathway of anurans are well understood ( i.e., Edwards et
al. 2007; Leary et al. 2008), it is not known whether these mechanisms may be altered by CORT
to influence preferences for call rate. Similarly, whether CORT is affecting the motivation to
mate (and thus mate choice) is unclear. My results did not show any significant relationship
between the latency of phonotactic response (used as a measure of a female’s motivation to
mate) and circulating hormone levels. However, elevated CORT level is often associated with
oviposition (i.e., in birds, Beuving and Vonder 1981) and there is some evidence that increased
CORT levels cause females to oviposit early ( i.e., in lizards, Radder et al. 2008). If elevated
CORT initiates similar responses in green treefrogs, females may become less choosy as the time
to oviposition approaches when there may be increased costs associated with stronger
preferences (Jennions and Petrie 1997).
Elevated CORT levels could also influence mate choice by affecting the female’s perception
of self-quality. For example, higher quality females may show stronger mate preferences due to
an increased ability to discriminate between males and/or ability to sample more mates (Cotton
et al. 2006). In some instances, elevated CORT per se may not be the primary factor affecting
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mate choice. For example, elevated glucocorticoids may be a consequence of decreased energy
reserves (Wingfield and Sapolsky 2003) available to support energetically costly reproductive
behaviors. If so, variation in mate choice could arise as a result of energetic constraints on mate
searching and assessment (Vitousek and Romero 2013). However, given the results of my study,
CORT level appears to be a major contributor to variation in mate choice by females. Additional
studies are clearly needed to assess the potential mechanisms underlying the effects of stress on
mate choice decisions.
In summary, despite considerable evidence linking environmental stressors to variation in
mate choice by females (Forsgren 1992; Godin et al. 1996; Gong and Gibson 1996; Johnson and
Basolo 2003; Buchholz 2004; Mazzi 2004; Cotton et al. 2006; Vitousek 2009; Ronald et al.
2012; Toomey and McGraw 2012) and the well-known links between such stressors and
glucocorticoid production (Poulin 1994; Bernard et al. 1998; Clinchy et al. 2004; Raouf et al.
2006; Thomas et al. 2006; Lendvai et al. 2007; Creel et al. 2013), there has been little effort to
assess the potential role of circulating glucocorticoids in mediating such behavioral variation.
My results indicate that circulating glucocorticoid levels play an important role in mediating
variation in mate choice by female H. cinerea. Most studies to date have focused on how sex
steroid levels affect mate choice; elevated sex steroid levels often increase the variation in mate
choice by females (Lynch et al. 2006; Gordon and Gerhardt 2009). However, elevated sex
steroid levels are unlikely to account for the variation in mate choice behavior often observed in
females exposed to environmental stressors (i.e., such environmental conditions are likely to
suppress sex steroid production). Importantly, studies examining the effects of sex steroids on
mate choice by females do not exclude circulating glucocorticoids as a potential factor
contributing to such variation. For example, the administration of sex steroids often results in
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elevated glucocorticoid levels ( reviewed in Leary and Knapp 2014) suggesting that the effects of
sex steroid injections on mate choice may be attributable to elevated glucocorticoid levels.
Hopefully, my work initiates analysis of both stress and sex steroids in future studies examining
the hormonal basis for variation in mate choice behavior by females.
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CH. 1 PART 2
THE EFFECTS OF STRESS HORMONES ON
PREFERENCES FOR CALL RATE IN BARKING
TREEFROGS (HYLA GRATIOSA)
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I.

Methods:

Methods largely follow those described in Chapter I, Part I. Modifications to those procedures
are described below.

Gravid female H. gratiosa were collected from the University of Mississippi Field Station
during the 2012-2013 breeding seasons. Collected females were either placed in an untreated
control group or immediately injected with 100µl saline only, or with 4, 8, or 16 µg dose of
CORT in saline vehicle. For a 13.5g frog (the average weight of females used in the current
study), these doses translate into 0.3, 0.59, and 1.18 µg CORT/g body weight respectively.
Plasma samples were analyzed for P, DHT, T, E2 and CORT levels in a single assay. Mean
intra-assay coefficients of variation for P, DHT, T, E2 and CORT were 3%, 4%, 17%, 3% and
9%, respectively, based on 4 standards run with the assay.
Stimuli used in playback experiments were acquired from a recording of an isolated
advertisement call from a single individual male H. gratiosa with vocal parameters that
approximated the mean values for the study population (e.g., dominant carrier frequencies = 450
and 1700 Hz, call duration =172 ms). An analog cassette recording of the call was digitized using
Raven software (Cornell Bioacoustics Laboratory) and repeatedly broadcast at a rate of 40
calls/min (i.e., possessing a 1,328ms intercall interval) or at a rate of 55 calls/minute (i.e.,
possessing a 919ms intercall interval). Hence, calls were identical in all respects except the rate
at which they broadcast and were well within the natural range of call rate for this species. Calls
were broadcast at a amplitude of 95 dB SPL from Sennheiser accessory speakers located in the
acoustic chamber. Stimulus amplitude was checked prior to each phonotaxis trial using a sound
pressure level meter (Ivie Technologies Inc., model IE-45, fast weighting setting).To control for
side biases, stimuli were alternated between speakers across successive trails.
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II.

Results
a. Effect of treatment on preferences for call rate
A total of 44 females were used in phonotaxis trials designed to assess the effects of

CORT level on preference for call rate. Untreated control females (n = 8) showed a strong
preference (when compared to random choice) for the call broadcast at the high call rate (55
calls/min) over the call broadcast at the low call rate (40 calls/min) (binomial test, p < 0.01).
Females in the saline only (n = 10), 4 µg CORT dose (n = 10), and the 8 µg CORT dose (n = 8)
treatment groups all showed a higher probability of selecting the “unattractive” broadcast call
(40 calls/min) when compared to the untreated control group (binomial test, p < 0.001). Females
that received the 16 µg dose of CORT (n = 8) did not differ from the untreated females in the
probability of choosing the unattractive call (binomial test, p = 1). Overall, females administered
the 8 µg dose of CORT showed the highest probability of choosing the unattractive call (Fig.
11).

30

Probablity of Choosing call Broadcast at 40
calls/min

0.4
0.35
0.3
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0.1
0.05
0
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(n=8) Saline

(n=10) 4 ug CORT (n=10)

8 ug CORT
(n=8)

16 ug CORT
(n=8)

Treatment

Figure 11. Probability that female H. gratiosa chose the lower “unattractive” call rate (40
calls/min) versus the “attractive” call rate (55 calls/min) across treatment groups. Sample sizes
for each treatment group are included below x-axis.

b. Circulating hormone levels among treatment groups
Adequate plasma samples were acquired within 5 minutes from 33 of the 44 females used in
phonotaxis trials. Circulating levels of CORT were highly variable but differed significantly
between the 5 treatment groups (F4,28 = 2.8, p = 0.04). Tukey’s post hoc tests revealed that the 8
µg and 4 µg CORT dose treatment groups differed significantly from one another (p < 0.04, Fig.
12). There were no other detectable differences in circulating CORT levels in pairwise contrasts
among treatment groups.
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Figure 12. Box plots depicting circulating CORT levels across treatment groups for female H,
gratiosa. Sample sizes are included below x-axis.

There was no detectable difference among treatment groups in circulating levels of P (F4,28 =
0.18, p = 0.95), DHT (F4, 28 = 0.47, p = 0.75), T (F4, 27 = 1.06, p = 0.39), or E2 (F4, 28 = 1.41, p =
0.25)(Fig. 13). Moreover, there was no indication that P, DHT, T, or E2 significantly increased
or decreased across treatment groups (linear contrasts, p > 0.13, Fig. 14). Circulating CORT
levels were not related to circulating levels of P (r21, 31 = -0.008, p = 0.39), DHT (r21, 31 = 0.02, p
= 0.23), T (r21, 30 = 0.03, p = 0.17), or E2 (r21, 31 = -0.01, p = 0.45) (Fig. 15).
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Figure 13. Box plots depicting circulating hormone levels in each treatment group. A)
progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T), and D) estradiol (E2).
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Figure 14. Linear contrasts depicting relationships between treatment group and circulating
hormone levels; A) progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T), and D)
estradiol (E2).
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Figure 15. Linear regression depicting relationships between circulating sex steroids and CORT
level; A) progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T), and D) estradiol
(E2).

The latency of phonotactic responses did not differ among treatment groups (F4,39 = 0.62, p =
0.65; Fig. 16). Phonotactic response latency was also not related to circulating levels of CORT
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(r21,31 = -0.009, p = 0.41; Fig. 17), P (r21,31< 0.001, p = 0.32), DHT (r21,31= -0.02, p = 0.52), T
(r21,30= -0.01, p = 0.44), or E2 (r21,31= -0.02, p = 0.74)(Fig. 18).

Figure 16. Box plots depicting range and average of latency of response (time from removal of
funnel to time of choice) in each treatment group.

Figure 17. Linear regression showing the relationship between circulating CORT levels and
latency of response.
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Figure 18. Linear regression showing the relationship between circulating hormone levels and
latency of response (log transformed); A) progesterone (P), B) dihydrotestosterone (DHT), C)
testosterone (T), and D) estradiol (E2).

III.

Discussion
Results suggest that while female H. gratiosa show variation in their preference for call rate,

such behavioral variation was not related to circulating levels of CORT, P, DHT, T, or E2. For
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example, females that were administered an 8 µg dose of CORT were more likely to choose calls
broadcast at low rates but this effect was not explained by circulating CORT level or any other
measured hormone. Moreover, females administered 16 µg of CORT showed a preference for
calls broadcast at high rates. Thus, the results suggest that variation in mate choice is not
associated with variation in circulating sex or stress hormone levels. Additionally, there was no
evidence that circulating hormone levels were related to the latency of phonotactic responses.
Surprisingly, the highest CORT dose (16 µg) did not result in significantly higher circulating
CORT levels compared to untreated females. This result could be due to a few factors. Firstly, as
mentioned previously, circulating CORT levels prior to injections are unknown. It is possible
that those females in the 16 µg dose treatment group had very low levels of circulating CORT
prior to injection. Additionally, variation in the amount of time to obtain blood samples may
have contributed to the variation in circulating CORT levels. As discussed previously, circulating
CORT levels are known to increase considerably in only a few minutes (Orchinik 1998; Romero
and Reed 2005) and may have contributed to variation in circulating CORT levels among
treatment groups.
The factors contributing to variation in mate choice in this species are unclear. The
behavioral results presented here suggest an inverted U-shaped dose effect, otherwise known as
hormesis. Hormesis is a biological phenomenon in which physiological or behavioral responses
are bimodal; low doses cause one response while higher level doses cause the opposite response
(Calabrese and Baldwin 1998, 2002; Jobling et al. 2004; Schreck 2010). Many hormones,
including estrogens and androgens, have been shown to have biphasic dose responses in the
context of reproduction (Calabrese 2001a,b). Additionally, stressors of different intensities or
durations have been known to have bimodal effects (i.e., stress can accelerate ovulation or inhibit
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reproduction, Schreck 2010). While the mechanisms for hormesis are still unclear, ligandreceptor complexes probably contribute to this process (Cook and Calabrese 2006; Schreck
2010). For example, hormones showing a bimodal effect typically show an affinity for two
opposing receptor subtypes (Schreck, 2010). While the behavioral results presented here suggest
an inverted U-shaped dose effect, the hormonal data does not reflect this pattern. For instance,
females in the 8 µg dose treatment group showed a reduced preference for the longer call, but
circulating hormone levels for this group were not significantly elevated. Thus, circulating
hormone levels were not related to female preferences for call rate.
Unfortunately, the results presented here do not allow for any conclusive interpretations for
the relationship between variation in female mate choice and circulating hormone levels,
including CORT. These results are not consistent with the results of Ch. 1 part 1 that focused on
preferences for the same call property in H. cinerea. Consequently, additional studies are needed
to determine what factors underlie variation in female preferences for call rate in this species.
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CH. 1 PART 3
THE EFFECTS OF STRESS HORMONES ON
PREFERENCES FOR CALL DURATION IN HYLA
GRATIOSA
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I.

METHODS
a. Acquisition of females, hormonal treatments, and phonotactic design
Gravid female H. gratiosa were collected during the 2013 breeding season following the

methods described in Ch. 1 part 2. Collected females were either placed in an untreated control
group or immediately injected with 16 µg dose of CORT in saline vehicle. For a 13.1g frog (the
average weight of females used in the current study), this dose translates into 1.22µg CORT/g
body weight.
Phonotactic design, blood acquisition, column chromatography and radioimmunoassay
procedures for this study all followed those previously described in Ch. 1 part 1. Plasma samples
were analyzed for P, DHT, T, E2 and CORT levels in a single assay. Mean intra-assay
coefficients of variation for P, DHT, T, E2 and CORT were 3%, 4%, 17%, 3% and 9%,
respectively, based on 3-4 standards run with each assay.

b. Stimuli used in phonotaxis trials
Stimuli used in playback experiments to assess the effects of CORT level on preferences for
call duration were taken from the same H. gratiosa advertisement call used in the previous
experiment that examined CORT effects on preferences for call rate (see Ch. 1 part 2). The call
was digitally manipulated using Raven software (Cornell Bioacoustics Laboratory) to alter the
duration of the call. Specifically, a 52 ms portion of the original 172 ms call was removed from
the middle section of the call to create a 120 ms call. Calls were repeatedly broadcast in dual
speaker phonotaxis trials at a rate of 42 calls/minute. Call rate was held constant by adjusting the
intercall interval for long and short duration calls. For example, calls that were 120 ms in
duration were separated by an interval of 1.3s and calls that were 172 ms in duration were
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separated by an interval of 1.24 s. Both calls were broadcast at an amplitude of 95 dB SPL from
Sennheiser accessory speakers located in the acoustic chamber and stimulus amplitude was
checked following the protocol discussed in Ch. 1 part 1. Stimuli were alternated between
speakers across successive trails to control for side biases.

II.

RESULTS
a. Effect of treatment on preference for call duration
A total of 22 female H. gratiosa were tested to assess the effects of CORT administration on

preferences for call duration. Control females (n = 11) showed a robust preference for the longer
call (172 ms) over the shorter call (120 ms) (binomial test, p = 0.01) in phonotaxis trials.
Females administered 16 µg of CORT (n = 11) showed a significantly higher probability of
selecting the “unattractive” shorter call (120 ms) compared to the control group (binomial test, p
< 0.001)(Fig. 19).

b. Circulating hormone levels between treatment groups
Plasma samples were acquired within 5 minutes from 14 of the 22 females used in
phonotaxis trials. Circulating levels of CORT differed significantly between the control and
CORT-injected group (F1,12 = 18.35, p = 0.001)(Fig. 20).

42

n=11

n=11

Figure 19. Probability of choosing the shorter call (120 ms) over the longer call (172 ms) for
female H. gratiosa that were either not treated or treated with 16 µg of CORT. Sample sizes for
each treatment group are included with the bar for that group.

Figure 20. Box plots depicting averages and ranges of CORT levels within each treatment group
in female H. gratiosa.
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There were also significant differences between treatment groups with respect to
circulating levels of P (F1,12 = 31.34, p < 0.001), DHT (F1, 12 = 32.49, p < 0.001), T (F1, 12 =
64.06, p < 0.001), and E2 (F1, 12 = 9.32, p = 0.01) (Fig. 21). Circulating CORT levels were
positively related to circulating levels of P (r21, 12 = 0.26, p = 0.03), DHT (r21, 12 = 0.25, p = 0.04),
and T (r21, 12 = 0.39, p = 0.01) but not E2 (r21, 12 = 0.18, p = 0.07) (Fig. 22).
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Figure 21. Box plots depicting circulating hormone level in each treatment group; A)
progesterone (P), B) dihydrotestosterone (DHT), C) testosterone (T), and D) estradiol (E2).
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Figure 22. Linear regression depicting relationships between circulating CORT level and
circulating hormone level; A) progesterone (P), B) dihydrotestosterone (DHT), C) testosterone
(T), and D) estradiol (E2).

Latency of phonotactic response did not differ between the two treatment groups (F1,20 =
0.01, p = 0.94; Fig. 23). Additionally, phonotactic response latency was not related to circulating
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levels of CORT (r21,12 = -0.08, p = 0.85; Fig. 24), P (r21,12 = 0.07, p = 0.71), DHT (r21,12= -0.08, p
= 0.89), T (r21,12= -0.08, p = 0.99), or E2 (r21,12= -0.07, p = 0.7)(Fig, 25).

Figure 23. Box plots depicting the range and average of latency of response for each treatment
group.

Figure 24. Linear regression showing the relationship between circulating CORT levels and
latency of response.
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Figure 25. Linear regression showing the relationship between circulating hormone levels and
latency of response (log transformed); A) progesterone (P), B) dihydrotestosterone (DHT), C)
testosterone (T), and D) estradiol (E2).
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III.

DISCUSSION
Results suggested that CORT administration reduces the strength of female preferences for

call duration in H. gratiosa. For example, females that were administered CORT showed no
preference for call duration compared to untreated females that were more likely to choose calls
that were longer in duration in phonotaxis trials. Because the difference in female preferences
between treatment groups was related to all measured hormones (CORT, P, DHT, T, and E2), it
is not clear whether elevated CORT or sex steroid levels mediated variation in the choice of
broadcast calls.
Surprisingly, sex steroids were significantly higher in females administered CORT in the
present study. Differences in sex steroid levels between treatment groups were not attributable to
differences in the temporal frame in which females were sampled. It is possible that elevated
CORT levels stimulated an increase in circulating sex steroids. For example, circulating CORT
levels have been shown to be highly correlated with gonadotropin levels in some anurans (Licht
et al. 1983). Moreover, acute stressors (i.e., capture, handling and restraint) can cause a rapid
increase in circulating T levels (Van Hout et al. 2010). Consistent with these findings, circulating
levels of P, DHT, T, and E2 were all positively correlated to circulating CORT levels in the
present study. However, there was no evidence of such an effect in previous experiments in
H.cinerea or H. gratiosa (see Ch.1 part 1 and part 2). Hence, differences in sex steroid levels for
untreated and CORT-injected groups appears to be attributable to natural variation in circulating
hormone levels for females that were assigned to the two treatment groups, despite the fact that
they were randomly assigned to each group.
Although there are problems associated with determining whether the effects of CORT
administration on preferences for call duration are related to differences in sex steroid or stress
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hormone levels, the present study nonetheless provides evidence for an association between
circulating hormone levels and variation in female preferences for call duration. My results thus
support my hypothesis that circulating hormone levels can affect the strength of selection on
male call properties (i.e., call duration) but additional work is needed to determine whether these
findings are related to circulating CORT levels.
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CH. 2 OVERALL CONCLUSIONS
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I found that circulating CORT level does affect female mate preference for call rate in H.
cinerea suggesting that circulating CORT can have a significant effect on directional selection
for call rate via mate choice by females. This finding suggests that circulating CORT might be
the proximate factor linking variation in female mate choice to environmental stressors. I also
found that circulating hormone levels contributed to variation in female preferences for call
duration in H. gratiosa. However, I was unable to determine whether this effect was attributable
to circulating CORT or sex steroids.
To my knowledge, this is the first study to examine how circulating CORT levels affect mate
preferences in females. It is hoped that my work will initiate future studies that investigate how
CORT contributes to variation in female mate preference. Specifically, additional work is needed
to assess whether CORT alters neural selectivity and/or motivation to mate. This research
provides valuable information on the proximate factors controlling variation in female mate
preferences, while also providing the first evidence of CORT administration affects mate choice
by females. It is my hope that this work initiates analysis of both stress and sex steroids in future
studies examining the hormonal basis for variation in mate choice behavior by females.
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